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Introduction
Nearly 90 years ago Zopf [1] described a new neutral compound, m.p. 183 °C [a]D + 71 and the molecular formula C2oH4o 0 1o (440.52), from the crustaceous lichen Arthonia im polita (Ehrh.) Borrer (syn. Leprantha im polita (Ehrh.) Körber) and named it lepranthin. This compound was not in vestigated further until around 1980 when we car ried out a NMR investigation (see below) which revealed lepranthin to be a macrocyclic bis-lactone. A private communication from Dr. M. M. M ahandru to S. H. in 1981 suggested that a com pound lobarthidiol from an English Arthonia spe cies could be identical with lepranthin. No details of lobarthidiol have been published. U nfortu nately we were unable to define the size of the lactone ring. Recently we have revived our interest in this lichen substance and describe here the elu cidation of its structure and relative stereochem is try by NMR spectroscopy and X-ray analysis.
Results and Discussion
The lepranthin (1) 'H and 13C NM R spectroscopy led to the struc ture of a dimeric bis-lactone of the unit C 16H 260 7 which contains a secondary hydroxyl group, two secondary acetates and three secondary methyls. The lactone terminus is also secondary. The 'H and 13C chemical shifts are listed in the Tables I  and II. Double irradiation experiments at 360 MHz enabled the structure of the monomeric unit to be assembled as follows. Irradiation of H-2 caused collapse of Me-11 and removed the major coupling from H-3. Irradiation of H-4 removed the minor couplings from H-3 and H-5 and collapsed Me-12.
Irradiation of H -6 a resulted in the removal of the major couplings from H-5, H-7 and H-6 b while irradiation at H-6 b removed a small coupling from H-7 and caused changes in H -6 a. H-8 a and H-8 b have similar chemical shifts and form the AB part of an ABM X system with H-7 and H-9. Irradiation of H-8 a and H -8 b affects H-7 and H-9. The 'H coupling constants are also shown in Table I . Irra diation of Me-11 and Me-12 confirmed their rela tionship with H-2 and H-4 respectively. Irradiation of Me-10 left H-9 as a doublet of doublets (due to coupling with H-8 a and H-8 b). These experiments account for all the carbons and hydrogens in par tial structure A with the exception of the lactonic carbonyl group which must be placed as shown.
Oxidation of lepranthin with Jones' reagent afforded the diketone lepranthone (2). The 'H NMR spectrum of 2 revealed H-2 as a quartet cou- A'
pled only with Me-11 and H-4 as a quintet coupled with Me-12 and H-5. Both carbon atoms 2 and 4 are shifted downfield (by 7.34 and 12.73 ppm respectively) in 2 relative to 1. The large shift of the lactone carbonyl carbon (+7.1 ppm) is due to removal of the hydrogen bonding. Thus the m ono meric unit of lepranthone has structure A '. The data presented do not define the positions of the acetates nor the size of the lactone ring. Therefore we carried out an X-ray analysis of lepranthin which led to structure 1 with a 16-membered bis-lactone ring (Fig. 1) . Table III contains the crystal data of lepranthin. The full data of the X-ray analysis are deposited at the Fachinformationszentrum Karlsruhe, Eggenstein-Leopoldshafen.
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Molecular formula
The absolute configuration of 1 has yet to be determined. Lepranthin with 12 chiral centres is the first macrocyclic bis-lactone from a lichen. The biosynthesis of lepranthin arises either by twofold methylation, reduction and acetylation of a pentaketide, followed by cyclization, or by condensation of 3 molecules of acetyl-CoA with 2 molecules of propionyl-CoA. reduction and acetylation of the corresponding 2,4-dimethyl-3,7-dihydroxy-5,9-diacetoxydecanoic acid and subsequent lactonization to 1.
Colletallol, colletoketol, colletol, grahamimycin A j, pyrenophorin, and vermiculin are bis-lactone from fungi [2] .
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